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SYSTEMS AND METHODS FOR SOLDER 
BONDING 

This patent application claims priority to US. Provisional 
patent application Ser. No. 60/635,060, ?led Dec. 10, 2004, 
and entitled “SYSTEMS AND METHODS FOR SOLDER 
BONDING” by Syllaios et al., the entire disclosure of Which 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to solder bonding, and 

more particularly to solder bonding for device packaging. 
2. Description of the Related Art 
Microelectromechanical systems (MEMS) are integrated 

micro devices or systems combining electrical and mechani 
cal components. Some MEMS devices may be fabricated 
using standard integrated circuit batch processing techniques 
and have a variety of applications including sensing, control 
ling and actuating on a micro scale. MEMS devices may 
function individually or in arrays to generate effects on a 
macro scale. 

Certain MEMS devices require a vacuum environment in 
order to obtain maximum performance. The vacuum package 
also provides protection in an optimal operating environment 
for the MEMS device. Examples of these MEMS devices are 
infrared MEMS such as bolometers and certain inertial 
MEMS such as gyros and accelerometers. Solder is often 
used as a sealing material for forming a vacuum package 
around a MEMS device. In a Wafer bonding process, a lid 
Wafer is aligned and mounted to a device Wafer With an 
annular seal ring of solder to form an enclosed cell at each die 
location. This lid attachment process is completed in a 
vacuum environment, leaving each MEMS device in a 
vacuum cell. In this regard, Wafer bonding for vacuum pack 
aging of semiconductor devices requires soldering at loW 
temperatures, normally 300 to 3500 C. or loWer. Past solder 
ing methods include Wetting and quenching of the solder, 
Which can result in poor adhesion and high stress bonds. 

SUMMARY OF THE INVENTION 

Disclosed herein are systems and methods for solder bond 
ing, e.g., for purposes of vacuum packaging of semiconductor 
devices. The disclosed systems and methods employ a pro 
cess not requiring a decrease in temperature to obtain solidi 
?cation of melted solder. In one embodiment, the disclosed 
systems and methods may employ an equilibrium isothermal 
solidi?cation process in Which the solder is solidi?ed by 
dissolving and alloying metals that raise the melting tempera 
ture of the solder. Because the disclosed systems and methods 
are equilibrium processes (e.g., isothermal thermal equilib 
rium processes), reproducible soldering results may be 
advantageously achieved. This is in contrast to Wet and 
quench methods that do not control the solidi?ed phase. 

In one embodiment, the disclosed systems and methods 
may be implemented to employ a relatively thin layer of loWer 
melting point solder betWeen tWo higher melting point sur 
faces (typically composed of relatively thick metal layers), 
heating such couple to melt the solder and alloying it With the 
adjacent surfaces during an isothermal anneal. By holding the 
solder couple at a ?xed temperature for a period of time, 
liquid in the solder dissolves a portion of the adjacent sub 
strate shifting the composition of the melt so as to reduce the 
volume fraction of liquid until an essentially solid metallur 
gical junction is formed. During this process, elemental com 
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2 
ponents from the molten liquid solder diffuse into the adja 
cent solid until local equilibrium is established. By having 
relatively thick capping layers to absorb components from the 
solder, the couple may become solid during the isothermal 
anneal. With this process, reproducible soldering results may 
be advantageously achieved. One advantage of such a process 
is that it prevents deep erosion of metal layers necessary for 
good bonding to a surface and prevents pitting of the under 
lying substrate surface. This is in contrast to conventional 
soldering Which employs cooling to solidify the solder joint, 
Where signi?cant bonding metalliZation attack can occur. 
The disclosed systems and methods may be advanta 

geously implemented in a variety of applications, including 
for the packaging of semiconductor devices, microelectrome 
chanical systems (MEMS), optical detectors, etc. Speci?c 
examples include, but are not limited to, vacuum packaging 
of infrared detectors and MEMS devices, such as radio fre 
quency (RF) sWitches, digital micromirror devices (DMD), 
manufacture of microbolometer based cameras (e.g., Wafer 
level vacuum packaging of a-silicon microbolometer 
devices), etc. Suitable applications also include manufacture 
of sensors and focal plane arrays, e.g., large area multi-color 
cooled infrared diode detector arrays, or uncooled long Wave 
infrared (LWIR) avalanche photodiodes (APD). 

In one embodiment of the disclosed systems and methods, 
semiconductor devices may be vacuum packaged by solder 
bonding a lid structure to a semiconductor device using iso 
thermal dissolution of metals coated on the bond surface of 
each of the device and lid structures. The lid structure may be 
of the same material as the semiconductor device, and bond 
ing may occur at the Wafer level, e.g., a device and corre 
sponding lid structure may each be a silicon Wafer. For 
example, a silicon device Wafer may be bonded to a silicon lid 
Wafer using a solder layer. A metal coating may be provided 
on each silicon Wafer surface as a stack that includes an 

adhesion layer in contact and adhering to the silicon Wafer, a 
barrier layer to prevent the solder from reacting With and 
eroding the silicon Wafer, and a solderable top layer that is to 
be dissolved into the solder layer to form an alloy composi 
tion having a higher melting point than the initial solder 
composition, i.e., the alloy composition solidi?es at a higher 
melting temperature than the melting point of the initial sol 
der layer composition. 

In one respect, disclosed herein is a method of solder 
bonding and an assembly manufactured thereWith, the 
method including bonding a ?rst structure to a second struc 
ture by solidifying melted solder, Wherein the melted solder is 
solidi?ed by dissolving and alloying metals to raise the melt 
ing point temperature of the melted solder. 

In another respect, disclosed herein is a method of vacuum 
packaging semiconductor devices and a vacuum packaged 
assembly manufactured thereWith, the method including: 
providing a semiconductor device Wafer and a lid Wafer, the 
semiconductor device Wafer including a plurality of semicon 
ductor device areas, and each of the semiconductor device 
Wafer and the lid Wafer including a solderable top layer; 
positioning the semiconductor device Wafer adjacent the lid 
Wafer in a vacuum With a solder layer having an initial com 
position being disposed therebetWeen, and so that the solder 
able top layer of the semiconductor device Wafer and the 
solderable top layer of the lid Wafer are each in contact With 
the solder layer; melting the solder layer; and then solidifying 
the melted solder layer to bond the semiconductor device 
Wafer to the lid Wafer in the vacuum, Wherein the melted 
solder layer is solidi?ed by dissolving the solderable top layer 
of each of the device structure and the lid structure into the 
solder layer to form an alloy composition having a higher 
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melting point temperature than the initial solder layer com 
position to cause the alloy composition of the solder layer to 
solidify. The solidi?ed solder layer surrounds at least one of 
the semiconductor device areas to form a vacuum package 
around the semiconductor device area betWeen the semicon 
ductor device Wafer and the lid Wafer. 

In another respect, disclosed herein is a method of solder 
bonding and an assembly manufactured thereWith, the 
method including: providing a ?rst bondable component, the 
?rst bondable component having a solderable surface includ 
ing a ?rst solderable material and having a ?rst melting point 
temperature; providing a solder component in contact With 
the solderable surface of the ?rst bondable component, the 
solder component including a solder material and having a 
second melting point temperature that is loWer than the ?rst 
melting point temperature, the solderable surface of the ?rst 
bondable component being in contact With the solder com 
ponent at a ?rst temperature that is beloW the second melting 
point temperature; raising the temperature of the solder com 
ponent from the ?rst temperature to a second temperature 
While the solder component is in contact With the solderable 
surface of the ?rst bondable component, the second tempera 
ture being above the ?rst melting point temperature and 
beloW the second melting point temperature; alloWing the 
solder component to melt While the solder component is in 
contact With the solderable surface of the ?rst bondable com 
ponent; and alloWing at least a portion of the ?rst solderable 
material to transfer at the second temperature from the sol 
derable surface of the ?rst bondable component to the solder 
component to raise the melting point temperature of the sol 
der component to a temperature above the second tempera 
ture so that the solder component solidi?es as a bonding 
material that bonds to the solderable surface of the ?rst sol 
derable component at the second temperature. 

In another respect, disclosed herein is a method of solder 
bonding tWo structure surfaces and an assembly manufac 
tured thereWith, the method including bonding a ?rst struc 
ture surface to a second structure surface by melting a solder 
layer betWeen the ?rst and second structure surfaces and 
alloWing interdiffusion With the ?rst and second structure 
surfaces to reduce the volume fraction of melted liquid to 
form a solid metallurgical bond betWeen the ?rst and second 
structure surfaces While holding the ?rst and second structure 
surfaces at a temperature above the initial solder melting 
point temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top vieW of a device Wafer of the prior art of the 
type With Which the disclosed systems and methods may be 
implemented in one exemplary embodiment. 

FIG. 2 is a top vieW of a lid Wafer of the prior art of the type 
With Which the disclosed systems and methods may be imple 
mented in one exemplary embodiment. 

FIG. 3 is a cross section of a single MEMS device of the 
prior art of the type With Which the disclosed systems and 
methods may be implemented in one exemplary embodiment. 

FIG. 4 is a top vieW of a single MEMS device of the prior 
art of the type With Which the disclosed systems and methods 
may be implemented in one exemplary embodiment. 

FIG. 5 is an enlarged vieW of a portion of a lid Wafer 
according to one exemplary embodiment of the disclosed 
systems and methods. 

FIG. 6 is a simpli?ed cross-sectional vieW of a stackup 
con?guration according to one exemplary embodiment of the 
disclosed systems and methods. 
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4 
FIG. 7 is a simpli?ed schematic of a vacuum bonding 

system setup according to one exemplary embodiment of the 
disclosed systems and methods. 

FIG. 8 is a schematic of a portion of the AuiSn phase 
diagram of a solder layer during a solder bonding process 
according to one exemplary embodiment of the disclosed 
systems and methods. 

DETAILED DESCRIPTION OF THE INVENTION 

Infrared microelectromechanical systems (MEMS) 
devices may require a vacuum, or other suitably manipulated 
environment, to obtain either operability or maximum perfor 
mance. For example, infrared micro bolometers require an 
operating pressure of less than 10 millitorr to minimiZe ther 
mal transfer from the detector elements to the substrate and 
packaging Walls. Additionally, infrared micro bolometers 
require an optically-transparent cover. HoWever, although the 
embodiments disclosed herein discuss integrated circuit fab 
rication in terms of vacuum packaging for infrared MEMS 
devices, embodiments of the disclosed systems and methods 
may be used to provide vacuum packaging of any integrated 
circuit device, or similar device, formed on a substrate mate 
rial and contained Within a vacuum package. Additionally, the 
disclosed systems and methods may be used in any vacuum or 
non-vacuum packaging of integrated circuit devices. 
Examples include, but are not limited to, microelectronic 
devices such as semiconductor devices, MEMs, RF detection 
devices, uncooled or cooled long Wavelength (about 7-14 um) 
infrared (LWIR) detector array devices, uncooled or cooled 
mid Wavelength (about 3-5 um) infrared (MWIR) detector 
array devices, multi-color (e.g., LWIR and MWIR) uncooled 
or cooled infrared bolometer or diode detector array devices, 
uncooled or cooled avalanche photodiode (APD) detector 
array devices, etc. 

FIG. 1 illustrates one type of silicon device Wafer 10 of the 
prior art With Which features one of the disclosed systems and 
methods may be implemented in one exemplary embodiment. 
In FIG. 1, silicon device Wafer 10 is a standard substrate used 
for fabrication of integrated circuit devices, MEMS devices, 
or similar devices. HoWever, any suitable substrate material 
may be used. For example, a substrate material With inte 
grated circuit readout devices embedded therein may be used 
as the device Wafer 10. As shoWn in FIG. 1, silicon device 
Wafers usually have many MEMS devices 12 formed thereon 
using traditional methods of integrated circuit fabrication. 

Still referring to FIG. 1, each MEMS device 12 is shoWn 
having one or more associated bonding pads 14 Which pro 
vide electrical connections to the MEMS device 12. These 
bonding pads 14 may be disposed only on one side of the 
MEMS device 12, but bonding pads 14 may also be disposed 
on any side, one side, or multiple sides of MEMS device 12. 
In addition to device Wafer 10, MEMS devices 12, and bond 
ing pads 14, FIG. 1 also depicts sealing surface 16, Which 
de?nes the vacuum package around a MEMS device 12. 
Although one MEMS device is enclosed in each vacuum 
package of FIG. 1, it is readily understood that multiple 
MEMS devices may be enclosed Within a vacuum package 
de?ned by sealing surface 16. 

FIG. 2 illustrates a one type of silicon lid Wafer 30 of the 
prior art With Which features of the disclosed systems and 
methods may be implemented in one exemplary embodiment. 
Although the description beloW utiliZes a silicon Wafer as a 
substrate for the lid Wafer 30, any suitable substrate material 
may be used. Examples of materials other than silicon Which 
may be used as optically-transparent device Wafer lids 
include quartZ or Pyrex, Zinc selenide, Zinc sul?de, germa 
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nium, sapphire, or infrared chalcogenide glasses (e.g., 
GeiSbiSe). Lid Wafer 30 includes a plurality of lid sealing 
surfaces 32, preferably corresponding in number to the device 
sealing surfaces 16 on device Wafer 10. Each of the lid sealing 
surfaces 32 is preferably a mirror image of a respective device 
sealing surface 16 so that lid Wafer 30 mates With device 
Wafer 10. Cavities 34 and bonding pad channels 36 are etched 
in the lid Wafer 30 using an appropriate etching process such 
as Wet or dry etching. Additionally, trenches 42 shoWn in FIG. 
5 may be etched in lid Wafer 30. Trenches 42 are preferably 
disposed in sealing surfaces 32 in order to prevent any sealing 
material from entering cavities 34. Anisotropic etching using 
potassium hydroxide (KOH), or any other suitable basic solu 
tion may be used to etch cavities 34, bonding pad channels 36, 
and trenches 42, e.g., see W. R. Runyan and K. E. Bean, 
“Semiconductor Integrated Circuit Processing Technology”, 
Addison-Wesley, 1994, pages 252-258. The etching process 
for cavities 34, bonding pad channels 36, and trenches 42 may 
include depositing a layer of silicon nitride and patterning the 
silicon nitride layer to form an appropriate etch mask. 

Referring noW to FIGS. 3 and 4, one type of single MEMS 
device 12 of the prior art is illustrated to more completely 
shoW the layout on device Wafer 10 of FIG. 1 With Which the 
disclosed methods and systems may be implemented in one 
exemplary embodiment. A lead 18 connects each bonding 
pad 14 to MEMS device 12. A space is left betWeen MEMS 
device 12 and bonding pad 14 to form the device sealing 
surface 16. Note that lead 18 runs beneath fabrication layers 
to be built Within device sealing surface 16. Because the 
device sealing surface 16 de?nes the area of the device Wafer 
10 Within Which a vacuum package Will be formed, leads 18 
form electrical connections to bonding pads 14 Without 
affecting the vacuum seal existing around MEMS device 12. 

Still referring to FIGS. 3 and 4, device sealing surface 16 
(FIG. 4) is formed on device Wafer 10 (FIG. 4) such that a 
sealing layer 22 and bonding adhesion surface 24 may be 
formed thereon. Sealing layer 22 may be comprised of any 
suitable material having dielectric properties. Sealing layer 
22 serves as a platform upon Which bonding adhesion surface 
24 may be deposited and may be composed of silicon nitride, 
although any suitable dielectric may be used. Sealing layer 22 
provides electrical isolation for leads 18. 

Bonding adhesion surface 24 is fabricated on sealing layer 
22 and may be fabricated using any combination of metal, 
metal alloy or other material that is suitable for bonding 
device Wafer 10 and lid Wafer 30 together, e.g., as a metal 
stack such as described hereinbeloW. Bonding adhesion sur 
face 24 comprises a ?rst layer of titanium, a second layer of 
platinum, and a third layer of gold. HoWever, there are many 
suitable materials or combinations of materials available for 
use in fabricating bonding adhesion surface 24. Bonding 
adhesion surface 24 may be deposited at the same time bond 
ing pads 14 are deposited on device Wafer 10. As described 
further herein, device sealing surface 16 may utiliZe a heat 
activated eutectic solder layer. 

FIG. 5 illustrates an enlarged vieW of a portion of one 
embodiment of a lid Wafer 3 0 that may be operable to form the 
lid portion of a single vacuum packaged MEMS device. FIG. 
5 is a vieW of the interior of an individual cavity 34 on lid 
Wafer 30. Sealing surface 32, cavity 34, diffractive antire?ec 
tion etched array 44, and trench 42 are illustrated in accor 
dance With an embodiment of the present invention. 

Further information on techniques for manufacturing 
vacuum packaged assemblies that may be employed in con 
junction With the disclosed systems and methods may be 
found in US. Pat. Nos. 6,586,831 and 6,521,477, and in US. 
patent application Ser. No. 10/428,745 published as Patent 
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6 
Publication number 2004/0219704, all three of Which refer 
ences are incorporated herein by reference. 

FIGS. 6 and 7 illustrate aspects of an isothermal Wafer 
bonding process according to one embodiment of the dis 
closed systems and methods. In particular, FIG. 6 is a simpli 
?ed illustration of one exemplary embodiment of a stackup 
con?guration 100 that is applicable to bonding of silicon 
Wafers such as Wafers 10 and 30 described hereinabove. In the 
illustrated embodiment, stackup con?guration includes a 
bonding adhesion surface in the form of a metal stack 102 that 
is disposed on the bond surface ofa silicon Wafer 104, e.g., as 
it may be disposed on each of Wafers 10 and 30 prior to 
bonding. As shoWn, metal stack 102 may include an adhesion 
layer 106 (e.g., titanium, titanium-tungsten alloy, or chro 
mium), barrier layer 108 (e.g., nickel, platinum, molybdenum 
or palladium) and solderable top layer 110 (e. g., gold). In one 
embodiment, the thickness of the adhesion and barrier layers 
is su?icient to preclude the solder from reaching the under 
lying silicon Wafer. For example, adhesion layer 106 may be 
a 1000 Angstrom thick layer of titanium, barrier layer 108 
may be a 1500 Angstrom thick layer of platinum, and solder 
able top layer 110 may be a 7500 Angstrom thick layer of 
gold. 

It Will be understood that other metal stack con?gurations 
are possible, i.e., layer thicknesses, number of layers, and/or 
types of layers may vary as desired or needed to ?t the require 
ments of a given application. For example, a solderable top 
layer may be present Without an adhesion layer and/ or With 
out a barrier layer. In any case, it Will be understood that a 
solderable top layer may be present as any material that is 
suitable for providing a surface to Which a solder bond may 
adhere (or bond to) during a solder bonding process as 
described elseWhere herein. It is also possible that no solder 
able top layer may be required, e.g., Where the surface of a 
component (e.g., Wafer or other component) is composed of a 
material to Which a solder bond may suitably adhere or bond 
to during such a solder bonding process. 

FIG. 7 is a schematic of a vacuum bonding system setup 
200 that may employed in the practice of one exemplary 
embodiment of the disclosed systems and methods. It Will be 
understood that the embodiment of FIG. 7 is exemplary only, 
and that any other system and/or methodology suitable for 
heating a solder layer to achieve a solder bond betWeen tWo or 
more adjacent components (in a vacuum or non-vacuum envi 
ronment) may be employed in the practice of the disclosed 
systems and methods. As shoWn in FIG. 7, lid Wafer 202 and 
device Wafer 204 are to be bonded together, in this case by 
AuiSn eutectic solder layer 206. In this regard, solder layer 
206 may be composed of a gold-tin (AuiSn) alloy that is 
near or substantially at the eutectic composition of 80% Au 
20% Sn by Weight. HoWever, other alloy compositions may 
also be used. For example, in one exemplary embodiment 
employing an Au solderable layer, a solder composition of a 
solder layer may be pure or substantially pure tin, e.g., equal 
to 100% tin or equal to about 100% tin. Other examples of 
suitable combinations of solderable layer materials and sol 
der layer materials include, but are not limited to, lead sur 
faces With tin solder, gold substrates With either lead solder or 
tin solder, silver coated surfaces bonded With gold-20 Wt % 
tin, etc. Furthermore, it Will be understood that a solder layer 
(e.g., AuiSn composition) may alternatively be disposed on 
or otherWise suitably attached to a surface of each of lid Wafer 
202 and device Wafer 204, and a solderable layer (e.g., sub 
stantially pure Au composition) disposed therebetWeen, i.e., 
such that tWo solder layers are employed to bond lid Wafer 
202 and device Wafer 204 together With a solderable layer 
in-betWeen. 
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In any event, it Will be understood that the composition of 
a solder layer (e.g., solder layer 206) may have any compo 
sition (alloy or substantially pure metal) that has a melting 
point that is loWer than the melting point of an alloy compo 
sition formed When an adjacent solderable layer (e.g., solder 
able top layer 110) is dissolved into the solder layer during the 
heating that occurs in a soldering process. In this regard, it 
Will be understood that one or more of the individual layer 
materials of stack 102 may be selected based on the type of 
solder to be employed to bond the silicon Wafers together, and 
vice-versa. Furthermore, it Will be understood that a solder 
able layer may be present as a single layer (e. g., solderable top 
layer 110 may be present Without barrier layer 108 and adhe 
sion layer 106), or that any other desired or required combi 
nation of one or more layers may be present beneath a sol 
derable top layer as may be suitable for a particular solder 
bonding operation. 

Still referring to the exemplary embodiment of FIG. 7, lid 
Wafer 202 may correspond, for example, to silicon lid Wafer 
30 of FIG. 2, and device Wafer 204 may correspond, for 
example, to silicon device Wafer 10 of FIG. 1. As further 
shoWn, a metal stack 102 (such as described in relation to 
FIG. 6) has been provided on the bonding surfaces of each of 
lid Wafer 202 and device Wafer 204, i.e., stack 10211 is pro 
vided on bonding surface of lid Wafer 202 and stack 10219 is 
provided on bonding surface of lid Wafer 204 so that the 
adhesion layer of each stack 102 is in contact With its corre 
sponding Wafer 202 or 204, and so that the solderable layer 
110 of each stack 102 faces solder layer 206. When used to 
bond a lid Wafer 30 to a device Wafer 10, eutectic solder layer 
206 may be positioned betWeen bonding adhesion surfaces 
(e.g., betWeen metal stacks 102a and 10219) of Wafers 30 and 
10 so as to coincide With sealing surface 16 around each 
MEMS device 12 of the device Wafer 10. 

Still referring to FIG. 7, Wafers 202 and 204 are shoWn 
placed inside heated vacuum chamber 220 betWeen load plate 
222 and heater plate 224, With solder layer 206 therebetWeen. 
Although any suitable methodology may be employed, 
Wafers 202 and 204 may be initially held apart at the edge 
(e. g., by knife edge arms or other suitable mechanical device), 
as a vacuum is established by WithdraWing gas from chamber 
220 With a vacuum pump or by other suitable method, as 
illustrated by arroW 226. After ?nal vacuum has been estab 
lished Within chamber 220, lid Wafer 202 and device Wafer 
204 are brought together, e. g., the top (lid) Wafer 202 is 
loWered With solder layer 206 therebetWeen so that metal 
stacks 102a and 10219 are placed in contact With solid solder 
layer 206 as shoWn in FIG. 7. Then the temperature Within the 
vacuum chamber is raised above the melting point of the 
solder layer 206 to melt solder layer 206. At this time the top 
surface layer 110 of each of metal stacks 102a and 10219 is 
dissolved into the noW liquid solder layer 206 by an amount 
that is determined by the fact that in this equilibrium state the 
liquidusZ temperature Will be equal to the set temperature. As 
Will be described in further detail beloW, the melting point of 
solder layer 206 is raised With dissolution of top surface layer 
110 into solder layer 206, causing solder layer 206 to solidify 
and bond to metal stacks 102a and 102b, thus bonding lid 
Wafer 202 and device Wafer 204 together With a vacuum 
trapped therebetWeen, e. g., Within the area de?ned inside 
sealing surfaces 16 and 32 of FIGS. 1, 2, 4 and 5. It Will be 
understood that the embodiment of FIG. 7 is exemplary only, 
and that any other suitable bonding system apparatus may be 
employed including, but not limited to, systems in Which a top 
plate (e. g., load plate) is heated in addition to, or in alternative 
to, a separate bottom heater plate. 
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8 
FIG. 8 shoWs a schematic portion of the AuiSn portion of 

a phase diagram of a solder layer during a solder bonding 
process according to one exemplary embodiment of the dis 
closed systems and methods (e.g., such as described in rela 
tion to FIG. 7) that uses the combination of an eutectic 
AuiSn solder layer and a metal stack having aAu solderable 
layer. As shoWn in FIG. 8, a solder layer (e.g., solder layer 206 
of FIG. 7) having an original eutectic composition repre 
sented by point 802 is provided (i.e., about 80% Au and about 
20% Sn by Weight), and this composition has a melting point 
of about 278° C. This solder layer may be placed in contact 
With anAu solderable layer (e. g., solderable layer 110 of FIG. 
6) having a melting point of about 1063° C. 

Next, the solder layer and solderable layer in contact With 
the solder layer are heated to a temperature 812 above the 
melting point (“M.P.”) of the solder layer (e. g., to a tempera 
ture of from about 1° C. above the melting point of the solder 
layer to about 30° C. above the melting point of the solder 
layer, With the upper temperature determined by the amount 
of Au to be dissolved) using any suitable technique (e.g., 
using the solder bonding process and equipment of FIG. 7) in 
order to melt the Au/ Sn solder layer having composition 802 
(shoWn in FIG. 8 to be in the single phase liquid region of the 
AuiSn phase diagram). It Will be understood that the above 
temperature range for temperature 812 is exemplary only, and 
that solder layer and solderable layer may be heated to any 
suitable temperature above the melting point of the solder 
layer composition, e.g., including a temperature greater than 
about 30° C. above the melting point temperature 815 of the 
initial AuiSn solder layer composition of FIG. 8. 

This elevated temperature 812 is then held substantially 
constant for a period of time suitable to increase Au concen 
tration of the melted solder layer until the melted solder layer 
solidi?es to form bonding material, e.g., for a time period of 
from about l-2 minutes to about 60 minutes, or for any other 
suitable period of time. During this time at elevated tempera 
ture 812, the solder layer ?rst melts and the Au atoms of the 
adjacent and contacting solderable layer dissolve into the 
solder layer, increasing the Au content of the solder layer past 
the liquidus line 834 of the AuiSn phase diagram, e.g., to 
about 90% Au and about 10% Sn, by Weight, as represented 
by point 804 of FIG. 8. In the exemplary illustrated embodi 
ment, this increase in Au content moves the composition of 
the solder layer to and past the solidus line 832 of the AuiSn 
phase diagram as indicated in FIG. 8, causing the solder layer 
composition to solidify and form a bonding material that 
bonds to the solderable layer at this temperature. It Will be 
understood that it is not necessary that elevated temperature 
812 be held constant, e.g., in the illustrated embodiment an 
elevated temperature may be varied from above the melting 
point temperature of the initial eutectic AuiSn solder layer 
composition up to the melting point temperature of pure Au. 
For example, it may be desirable to increase the temperature 
to accelerate the solidi?cation process or to decrease the 
temperature to sloW the solidi?cation process. 

Following solidi?cation, the solderable layer and contact 
ing solder layer may be optionally held at the same elevated 
temperature 812 (e.g., of from about M.P.+l° C. to about 
M.P.+30° C.) for an additional period of time suitable to alloW 
additional Au atoms to continue to transfer to and migrate 
Within the solidi?ed bonding material, further increasing the 
Au content of the bonding material by diffusion to greater 
than about 90% Au and less than about 10% Sn, as repre 
sented by point 808 ofFIG. 8, e.g., from about 15 minutes to 
about 60 minutes or for any other suitable period of time. 
During this time the Au concentration may also be alloWed to 
homogeniZe Within the layer of bonding material. As illus 
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trated in FIG. 8, the Au content of the solidi?ed (bonding 
material) and homogenized phase 808 is higher than in the 
original solder composition 802 (e.g., of solder layer 206 of 
FIG. 7), and therefore the melting point 810 of this solidi?ed 
(bonding material) phase is higher than that of the original 
solder composition 802. For example, a further increase inAu 
content to about 91% by Weight increases the melting point of 
the noW-solidi?ed bonding material to a ?nal melting point 
810 of about 380° C., as compared to the original 2780 C. 
melting point of the initial solder composition. 

It Will be understood that the embodiment of FIG. 8 is 
exemplary only and that it is not necessary that the tempera 
ture of the solidi?ed bonding material be kept elevated after 
?rst solidi?cation of the solder layer, e. g., homogenization is 
not necessary. Furthermore, it is possible to employ a solder 
layer that is not a eutectic mixture in combination With any 
suitable solderable layer composition for accomplishing one 
or more of the bonding features of the methodology described 
herein. For example, an initial composition of a solder layer 
may contain greater amounts of tin and/or an initial compo 
sition of a solderable layer may contain greater amounts of tin 
than is described for the embodiment above, e.g., solder layer 
206 may be substantially pure tin and/or solderable layer 110 
may contain some amount of tin prior to heating, e. g., so that 
the tin composition of the solder layer is increased during 
heating in a manner that raises the melting point of the solder 
layer and results in solidi?cation of the same. It is also pos 
sible that more than tWo metals may be present in an alloy 
formed during solidi?cation and/or that a solderable layer 
may contain a metal that is not present in the initial compo 
sition of a solder layer, e.g., a solder layer may initially 
contain an AuiSn eutectic mixture of metals and a solder 
able layer may initially contain substantially pure copper, 
such that the copper composition of the solder layer is 
increased during heating in a manner that raises the melting 
point of the solder layer and results in solidi?cation of the 
same. 

In one exemplary embodiment, the fact that the melting 
point of the bonding material is higher than the original solder 
composition may be used to successively bond multiple com 
ponents (e.g., Wafers) by applying this process several times 
using the same type of solder. For example, an interposer 
Wafer (not shoWn) With a series of through apertures (holes) 
may be ?rst bonded to a lid Wafer (e.g., lid Wafer 30 ofFlG. 2) 
to create cavities over the device areas for purposes of Wafer 
level vacuum packaging of semiconductor devices. Then the 
lid/interposer Wafer combination may be soldered to the 
device Wafer (e.g., device Wafer 10 of FIG. 1). Such an 
embodiment may be implemented as part of either vacuum 
packaging or non-vacuum packaging processes. 

While the invention may be adaptable to various modi? 
cations and alternative forms, speci?c embodiments have 
been shoWn by Way of example and described herein. HoW 
ever, it should be understood that the invention is not intended 
to be limited to the particular forms disclosed. Rather, the 
invention is to cover all modi?cations, equivalents, and alter 
natives falling Within the spirit and scope of the invention as 
de?ned by the appended claims. Moreover, the different 
aspects of the disclosed systems and methods may be utiliZed 
in various combinations and/or independently. Thus the 
invention is not limited to only those combinations shoWn 
herein, but rather may include other combinations. 
What is claimed is: 
1. A method of solder bonding, comprising bonding a ?rst 

structure to a second structure by solidifying melted solder 
having a ?rst composition to a solid solder having a second 
composition having a higher melting point temperature than 
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10 
said ?rst composition; Wherein said ?rst composition of said 
melted solder comprises a eutectic mixture of tWo or more 
metals and Wherein said second composition of said solid 
solder comprises a non-eutectic mixture of said tWo or more 
metals, said tWo or more metals comprising a ?rst metal; and 
Wherein said melted solder is solidi?ed to said solid solder by 
dissolving additional ?rst metal into said melted solder to 
increase concentration of said ?rst metal in said melted solder 
to form said second non-eutectic composition and raise the 
melting point temperature of said melted solder to solidify 
said melted solder. 

2. The method of claim 1, further comprising using isother 
mal dissolution to dissolve said ?rst metal coated on a bond 
surface of each of said ?rst and said second structures into 
said melted solder. 

3. The method of claim 1, Wherein said ?rst structure 
comprises a semiconductor device structure; and Wherein 
said second structure comprises a lid structure. 

4. The method of claim 3, Wherein each of said device and 
lid structures comprises a solderable top layer comprising 
said ?rst metal; and Wherein said solder is solidi?ed by dis 
solving said ?rst metal of said solderable top layer of each of 
said device structure and said lid structure into said solder to 
form said second non-eutectic composition having a higher 
melting point temperature than said ?rst eutectic composition 
so that said second composition solidi?es at a higher tem 
perature than the melting point temperature of said ?rst com 
position. 

5. The method of claim 4, Wherein said device and lid 
structures each comprise a Wafer. 

6. The method of claim 4, further comprising bonding said 
semiconductor device structure to said lid structure in a 
vacuum. 

7. The method of claim 1, further comprising successively 
bonding a third structure to said second structure by again 
solidifying a melted solder having said ?rst eutectic compo 
sition to a solid solder having said second non-eutectic com 
position a successive time, Wherein said melted solder is 
successively solidi?ed by again dissolving additional ?rst 
metal into said melted solder to increase concentration of said 
?rst metal in said melted solder to again form said second 
non-eutectic composition and raise the melting point tem 
perature of said melted solder to solidify said melted solder 
said successive time. 

8. The method of claim 7, Wherein said ?rst structure 
comprises a lid Wafer; Wherein said second structure com 
prises an interposer Wafer having a series of apertures; 
Wherein said third structure comprises a device Wafer having 
a series of device areas; and Wherein said method further 
comprises bonding said lid Wafer to said interposer Wafer and 
thenbonding said device Wafer to said interposer Wafer so that 
said apertures of said interposer Wafer create cavities over 
said device areas of said device areas. 

9. The method of claim 6, Wherein said semiconductor 
device structure comprises at least one microelectronic 
device. 

10. The method of claim 6, Wherein said semiconductor 
device structure comprises at least one infrared detector 
device. 

11. A method of vacuum packaging semiconductor 
devices, comprising: 

providing a semiconductor device Wafer and a lid Wafer, 
said semiconductor device Wafer comprising a plurality 
of semiconductor device areas, and each of said semi 
conductor device Wafer and said lid Wafer comprising a 
solderable top layer; 
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positioning said semiconductor device Wafer adjacent said 
lid Wafer in a vacuum With a solder layer having an initial 
composition being disposed therebetWeen, and so that 
said solderable top layer of said semiconductor device 
Wafer and said solderable top layer of said lid Wafer are 
each in contact With said solder layer; 

melting said solder layer; and 
then solidifying said melted solder layer to bond said semi 

conductor device Wafer to said lid Wafer in said vacuum, 
Wherein said melted solder layer is solidi?ed by dissolv 
ing said solderable top layer of each of said device 
structure and said lid structure into said solder layer to 
form a second composition having a higher melting 
point temperature than the initial solder layer composi 
tion to cause said second composition of said solder 
layer to solidify; 

Wherein said solidi?ed solder layer surrounds at least one 
of said semiconductor device areas to form a vacuum 
package around said semiconductor device area 
betWeen said semiconductor device Wafer and said lid 
Wafer; 

Wherein said initial composition of said solder layer com 
prises a eutectic mixture of tWo or more metals and said 
second composition of said solder layer comprises a 
non-eutectic mixture of said tWo or more metals, one of 
said tWo or more metals comprising a ?rst metal; and 
Wherein said top solderable layer of each of said semi 
conductor device Wafer and said lid Wafer comprises 
said ?rst metal in a concentration that is higher than a 
concentration of said ?rst metal in said eutectic mixture 
of said initial composition of said solder layer. 

12. The method of claim 11, Wherein said semiconductor 
device comprises a microelectronic device. 

13. The method of claim 11, Wherein said semiconductor 
device comprises an infrared detector device. 

14. The method of claim 11, Wherein said steps of melting 
and solidifying are performed at a substantially constant tem 
perature that is above a melting point temperature of said 
initial solder layer composition and that is beloW a melting 
point temperature of a composition of said solidi?ed solder. 

15. The method of claim 11, further comprising homog 
eniZing a composition of said solidi?ed solder layer at a 
temperature above the melting point temperature of said ini 
tial composition of said solder layer. 

16. A method of solder bonding, said method comprising: 
providing a ?rst bondable component, said ?rst bondable 

component having a solderable surface comprising a 
?rst solderable material and having a ?rst melting point 
temperature; 

providing a solder component in contact With said solder 
able surface of said ?rst bondable component, said sol 
der component comprising a solder material and having 
a second melting point temperature that is loWer than 
said ?rst melting point temperature, said solderable sur 
face of said ?rst bondable component being in contact 
With said solder component at a ?rst temperature that is 
beloW said second melting point temperature; 

raising the temperature of said solder component from said 
?rst temperature to a second temperature While said 
solder component is in contact With said solderable sur 
face of said ?rst bondable component, said second tem 
perature being above said ?rst melting point temperature 
and beloW said second melting point temperature; 

alloWing said solder component to melt While said solder 
component is in contact With said solderable surface of 
said ?rst bondable component; and 
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12 
alloWing at least a portion of said ?rst solderable material 

to transfer at said second temperature from said solder 
able surface of said ?rst bondable component to said 
solder component to raise the melting point temperature 
of said solder component to a temperature above said 
second temperature so that said solder component 
solidi?es as a bonding material that bonds to said sol 
derable surface of said ?rst solderable component at said 
second temperature; 

Wherein said solder material of said solder component 
comprises a eutectic mixture of tWo or more metals, one 
of said tWo or more metals comprising a ?rst metal; 

Wherein said ?rst solderable material of said solderable 
surface of said ?rst bondable component comprises said 
?rst metal in a concentration that is higher than a con 
centration of said ?rst metal in said eutectic mixture of 
said solder component; and 

Wherein said method further comprises alloWing at least a 
portion of said ?rst metal to transfer from said solderable 
surface of said ?rst bondable component at said second 
temperature to said solder component to form a non 
eutectic mixture of said tWo or more metals in said solder 
component that has a melting point temperature above 
said second temperature so that said solder component 
solidi?es as a bonding material that bonds to said sol 
derable surface of said ?rst bondable component at said 
second temperature. 

17. The method of claim 16, Wherein said ?rst bondable 
component comprises a Wafer; and Wherein said solderable 
surface of said ?rst bondable component comprises a solder 
able layer disposed on said semiconductor device Wafer. 

18. The method of claim 16, Wherein said ?rst solderable 
material of said solderable surface comprises gold; Wherein 
said solder material of said solder component comprises a 
mixture of gold and tin; Wherein a concentration of gold in 
said ?rst solderable material is greater than a concentration of 
gold in said solder material; and Wherein said method further 
comprises alloWing at least a portion of said gold of said ?rst 
solderable material to transfer from said solderable surface of 
said ?rst bondable component at said second temperature to 
said solder component to form a mixture of gold and tin in 
said solder component that has a melting point temperature 
above said second temperature so that said solder component 
solidi?es as a bonding material that bonds to said solderable 
surface of said ?rst bondable component at said second tem 
perature. 

19. The method of claim 16, further comprising maintain 
ing said bonding material of said solder component at a tem 
perature that is above said ?rst melting point temperature and 
beloW said second melting point temperature for a period of 
time su?icient to alloW a concentration of materials to sub 
stantially homogeniZe Within said bonding material. 

20. The method of claim 16, further comprising: 
providing a second bondable component, said second 

bondable component having a solderable surface com 
prising a second solderable material and having a third 
melting point temperature, said third melting point tem 
perature being higher than said second melting point 
temperature and being higher than said ?rst and second 
temperatures ; 

bringing said solder component in contact With said sol 
derable surface of said second bondable component at 
the same time said solder component is in contact With 
said solderable surface of said ?rst bondable compo 
nent, said solderable surfaces of said ?rst and second 
bondable components being in contact With said solder 
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component at said ?rst temperature that is below said 
second melting point temperature; 

raising the temperature of said solder component from said 
?rst temperature to said second temperature While said 
solder component is in contact With said solderable sur 
face of said second bondable component, said second 
temperature being above said ?rst melting point tem 
perature and beloW said second and third melting point 
temperatures; 

alloWing said solder component to melt While said solder 
component is in contact With said solderable surface of 
said second bondable component; and 

alloWing at least a portion of said second solderable mate 
rial to transfer at said second temperature from said 
solderable surface of said second bondable component 
to said solder component to raise the melting point tem 
perature of said solder component to a temperature 
above said second temperature so that said solder com 
ponent solidi?es as a bonding material that bonds to said 
solderable surface of said second bondable component 
at said second temperature at the same time that said 
solder component solidi?es as a bonding material that 
bonds to said solderable surface of said ?rst bondable 
component so as to bond said ?rst bondable component 
to said second bondable component; 

Wherein said ?rst and second solderable materials are the 
same or are different materials, and Wherein said ?rst 
and third melting point temperatures are the same or 
different temperatures. 

21. The method of claim 20, Wherein ?rst bondable com 
ponent is bonded to said second bondable component in a 
vacuum environment to form a vacuum package therebe 
tWeen. 

22. The method of claim 20, Wherein said ?rst bondable 
component comprises a semiconductor device Wafer, said 
solderable surface of said ?rst bondable component compris 
ing a solderable layer disposed on said semiconductor device 
Wafer; Wherein said second bondable component comprises a 
lid Wafer, said solderable surface of said second bondable 
component comprising a solderable layer disposed on said 
semiconductor device Wafer; and Wherein said semiconduc 
tor device Wafer comprises at least one microelectronic 
device. 

23. The method of claim 20, Wherein said ?rst bondable 
component comprises a semiconductor device Wafer, said 
solderable surface of said ?rst bondable component compris 
ing a solderable layer disposed on said semiconductor device 
Wafer; Wherein said second bondable component comprises a 
lid Wafer, said solderable surface of said second bondable 
component comprising a solderable layer disposed on said 
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semiconductor device Wafer; and Wherein said semiconduc 
tor device Wafer comprises at least one infrared detector 
device. 

24. A method of solder bonding tWo structure surfaces, 
comprising bonding a ?rst structure surface to a second struc 
ture surface by melting a eutectic solder layer betWeen the 
?rst and second structure surfaces and alloWing interdiffusion 
With the ?rst and second structure surfaces to form a non 
eutectic solder layer betWeen said ?rst and second structure 
surfaces and reduce the volume fraction of melted liquid to 
form a solid metallurgical bond betWeen the ?rst and second 
structure surfaces While holding the ?rst and second structure 
surfaces at a temperature above the initial solder melting 
point temperature. 

25. The method of claim 24, Wherein said ?rst structure 
comprises a semiconductor device structure; and Wherein a 
second structure comprises a lid structure. 

26. The method of claim 25, Wherein said device and lid 
structures each comprise a Wafer. 

27. The method of claim 25, further comprising bonding 
said semiconductor device structure to said lid structure in a 
vacuum. 

28. The method of claim 24, further comprising succes 
sively bonding a third structure surface to said second struc 
ture surface by again melting a eutectic solder layer betWeen 
the second and third structure surfaces and alloWing interdif 
fusion With the second and third structure surfaces to form a 
non-eutectic solder layerbetWeen said second and third struc 
ture surfaces and reduce the volume fraction of melted liquid 
to form a solid metallurgical bond betWeen the second and 
third structure surfaces While holding the second and third 
structure surfaces at a temperature above the initial solder 
melting point temperature. 

29. The method of claim 28, Wherein said ?rst structure 
comprises a lid Wafer; Wherein said second structure com 
prises an interposer Wafer having a series of apertures; 
Wherein said third structure comprises a device Wafer having 
a series of device areas; and Wherein said method further 
comprises bonding said lid Wafer to said interposer Wafer and 
thenbonding said device Wafer to said interposer Wafer so that 
said apertures of said interposer Wafer create cavities over 
said device areas of said device areas. 

30. The method of claim 27, Wherein said semiconductor 
device structure comprises at least one microelectronic 
device. 

31. The method of claim 27, Wherein said semiconductor 
device structure comprises at least one infrared detector 
device. 


